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Flexible flatfoot (FF) is a common foot deformity encoun-
tered by pediatricians and orthopedic surgeons [1]. Its ac-

curate incidence is unknown as there are no accepted clinical or 
radiological diagnostic criteria [1,2]. FF is defined by a lowered 
or lacked medial longitudinal arch that may be accompanied by 
a valgus heel and a relative supination of the forefoot to the 
midfoot [1,3,4]. FF is a physiological condition in toddlers, as 
the medial arch develops in the first decade of life. It is usually 
considered a normal variation as the height of the medial arch 
varies in the population. Yet, in adolescents and young adults 
it may cause cosmetic problems, medial shoe excessive wear 
and foot pain [1,3-5]. Therefore, patients are divided into two 
subgroups: those who are symptomatic and those who are not. 
For symptomatic patients, the first lines of treatment include 
activity modifications, prescription of anti-inflammatory med-
ications, physiotherapy exercise for strengthening of the medial 
arch and Achilles tendon stretching, use of shoe inserts, and use 
of orthotics that are designed to place the foot in a better bio-
mechanical position and to normalize muscle activity. Although 
these orthotics are commonly used, and with great cost, their 
influence on pain reduction is minimal [1,3,5,6]. 

There are no guidelines that define when the conservative 
treatment has failed and surgical treatment should be performed. 
Thus, the decision is usually made when the patient is facing 
persistence symptoms. While in the past arthrodesis was com-
mon, current treatment mainly consists of realignment osteoto-
mies combined with soft tissue procedures [1,2,6,7]. Evans [8] 
believed that in flexible FF the lateral column is shorter than 
the medial column and his correction was based on calcaneal 
osteotomy performed 1.5 cm proximal and parallel to the calca-
neocuboid joint. Mosca [2], who further developed this procedure, 
demonstrated the correction of the valgus heal, the talonavicu-
lar sag, and the lateral sublocation of the navicular on the talus 
head [2,8]. While the lateral column lengthening (LCL) resulted 
in good functional outcomes and high patient satisfaction [6], 
it may cause over correction that can lead to calcaneocuboid 
osteoarthritis and to 5th metatarsal stress fractures [9,10]. 
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ABSTRACT  Background: Flexible flatfoot (FF) is a common foot deformity 

that can often consist of foot pain. Surgical treatment is de-

signed to lengthen the lateral column. 

  Objectives: To resolve whether radiographic standing feet mea-

surements of normo-plantigrade feet and FF, symptomatic or not, 

differ and to determine whether the lateral column is shorter.

  Methods: The study comprised 72 patients (127 feet) consec-

utive patients, 18 years of age and older, who were divided 

into three groups: normal feet (56), asymptomatic FF (29), and 

symptomatic FF (42). All patients had a standing anterior pos-

terior (AP) and lateral radiographs. AP images were used for 

the measurement of the talocalcaneal angle, talar-1st metatar-

sal angle, and talonavicular coverage. Lateral X-rays were used 

to estimate the talocalcaneal angle, talar-1st metatarsal angle, 

calcaneal pitch, naviculocuboid overlap, and column ratio. 

  Results: All three of the AP radiograph measurements dif-

fered among groups, and higher values were measured in 

the symptomatic FF group. Post hoc analysis found that the 

talonavicular coverage and the talocalcaneal angles also dif-

fered between symptomatic and asymptomatic FF patients. 

While some lateral measurements differed within groups, only 

the lateral talar-1st metatarsal angle distinguished between 

asymptomatic and symptomatic patients. The lateral column 

length was not found to be shorter among FF patients, weather 

symptomatic or not. 

  Conclusions: Only the talonavicular coverage, the AP talocal-

caneal, and the lateral talar-1st metatarsal angles were found 

to differ between asymptomatic and symptomatic FF patients. 

The lateral column was not found to be shorter.
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Davis et al. [11] developed radiographic measurement for 
the description of FF in children. Using these and similar mea-
surements [3], several studies have tried to quantify the precise 
pathology that leads to FF. Moraleda et al. [5] compared X-ray 
measurements of normal feet with symptomatic and asymp-
tomatic FF pediatric patients and found only the talonavicular 
coverage to differ between the symptomatic and asymptomat-
ic patients, when measurements describing the lateral column 
length along with the alignment of the hindfoot, the longitu-
dinal arch, or the pronation/supination of the forefoot did not 
differ between groups. Similar results were described by Yan 
et al. [12] for the pediatric population. Others [13] found the 
talus-first metatarsal angle (Meary angle) to correlate with 
symptomatic FF. 

There are different findings regarding the cause of symp-
tomatic FF. In this retrospective imaging based cohort study, we 
gained a better understanding of the pathology the adult popula-
tion by testing whether the lateral column length of patients with 
normal feet differ from those of patients with asymptomatic or 
symptomatic flatfeet, or whether the pathology is the result of 
another tarsal misalignments.

PATIENTS AND METHODS

Following approval of the institutional review board, consecu-

through our clinic files by accessing the acceptable Interna-
-

nus). Patients older than 18 years who were examined between 
1 February 2016 and 31 January 2018 were recruited. FF was 
diagnosed based on poor formation of the arch. Exclusion cri-
teria were a neurological or syndromic condition and previous 
foot surgery.

Patients were divided into three groups: normal feet (pa-
tients without flatfeet or other structural foot deformity pre-
senting to our clinic for other reasons), asymptomatic flexible 
flatfeet (patients presenting to our clinic for other reasons but 
found to have flatfoot, e.g. ingrown toenail, hammertoes), and 
symptomatic flatfeet. All patients had routine standing anteri-
or posterior (AP) and lateral radiographs performed as a tool 
for estimating the relative alignment of each segment of the 
foot. All X-rays were independently evaluated by a senior or-
thopedic foot and ankle certified surgeon. Measurements were 
performed on standing AP and lateral radiographs as described 
by in the literature [5,11]. AP X-ray was used for the mea-
surement of the talocalcaneal angle, talar-1st metatarsal angle 
[Figure 1A], and the talonavicular coverage [Figure 1B]. Lat-
eral X-rays were used to estimate the talocalcaneal angle [Fig-
ure 1C], talar-1st metatarsal angle [Figure 1D], calcaneal pitch 
[Figure 1E], naviculocuboid overlap [Figure 1F], and column 
ratio (the ratio between the lengths of the medial and lateral 
columns) [Figure 1G].

STATISTICAL METHODS

Continuous variables are presented as mean and standard de-
viation. Categorical variables are presented as absolute and 
relative frequencies. Initial comparisons were performed using 
the Fisher’s exact tests for categorical variables, and ANOVA 
for continuous variables. Whenever a comparison across three 
groups found a significant difference, post-hoc pairwise testing 
was performed using either the Bonferroni-Holm method or 
Tukey HSD test to determine the source of this difference. In-
tra-observer variability was determined by comparing the mea-
surements for randomly selected 14 cases that were remeasured 
3 months later by the same surgeon who was unaware of his 
previous results. All reported P-values are two-tailed. Statistical 
significance was defined as P < 0.05. Statistical analysis was 
performed using R Core Team (2018). R: A language and envi-
ronment for statistical computing (R Foundation for Statistical 
Computing, Vienna, Austria). 

RESULTS

The study consisted of 72 patients (127 feet). We determined 
that 56 feet were in the normo-plantigrade group, 29 feet in the 
asymptomatic FF group, and 42 feet in the symptomatic FF 
group. The normo-plantigrade patients were older 48.6 (range 
19–80) years old vs. 35 (range 19–64) and 33.7 (range 18–71) 
for asymptomatic and symptomatic FF patients respectively, 
P = 0.005. Sex and laterality did not differ among the groups. 
Most patients were male. 

Measurements results are presented in Table 1. All three of the 
AP radiograph measurements differed among groups, and higher 
values of talonavicular coverage angle, talar-1st metatarsal angle, 
and talocalcaneal angle were measured in the symptomatic FF 
group. A post hoc analysis found that all three measurements 
were also significantly higher for symptomatic FF compared with 
normo-plantigrade feet. The talonavicular coverage angle and 
the AP talocalcaneal angle were also significantly higher for the 
symptomatic FF compared with the asymptomatic FF [Table 2]. 
In the lateral radiograph measurements, the calcaneal pitch angle, 
the naviculo-cuboid overlap the lateral talar-1st metatarsal angle 
were found to differ among groups. While the first was higher for 
the normo-plantigrade feet (when compared either to symptomat-
ic or asymptomatic FF in the post hoc analysis), the second was 
higher for both FF groups when compared to normo-plantigrade 
feet. The lateral talar-1st metatarsal angle was higher in symp-
tomatic FF patients, compared with both other groups [Table 2]. 
Among the hindfoot bones themselves, the talus was found to be 
shorter in the FF groups, while the calcaneus length was simi-
lar between groups [Table 1]. This measurement translated into a 
smaller talar-calcaneal ratio in the FF groups, compared with the 
normo-plantigrade feet.

Intra-observer reliability was high for all measurements, ex-
cept for the talar-calcaneal ratio [Table 3].
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Figure 1. Anterior posterior (AP) X-ray of the talocalcaneal angle, talar-1st metatarsal angle

[C] Measurement of the talocalcaneal angle. An angle between the long 
axis of the talus (created by a line bisecting the midpoint of the margins 
of the articular surface of the head of the talus and the midpoint of the 
neck of the talus) and the line created between the lower border of the 
anterior and most plantar prominence of the tuberosity of the calcaneus

[F] Measurement of the naviculocuboid overlap. The ration between a 
line where the navicular and the cuboid overlap and the cuboid height

[G] Measurement of the medial–lateral column ratio. The length of a line 
drawn between the distal margin of the head of the talar-1st metatarsal 
to the proximal margin of the posterior dome of the talus, divided by a line 
drawn between the distal margin of the head of the 5th metatarsus and 
the proximal margin of the posterior aspect of the calcaneus

[A] Measurement of the AP talar-1st metatarsal angle. The angle was 
created between the long axis of the talar-1st metatarsal and the long 
axis of the talus, created by a perpendicular line to the articular edges 
of the head of the talus

[B] Measurement of the talonavicular coverage angle. An angle between 
line defined by the articular edges of the head of the talus to the proximal 
articular edges of the navicular bone

A

C

[E] Measurement of the calcaneal pitch angle. An angle between a line 
created between the lower border of the anterior and most plantar 
prominence of the tuberosity of the calcaneus and a horizontal line of 
the floor

E G

F

B

[D] Measurement of the lateral talar-1st metatarsal angle. An angle 
between the long axis of the talus (as described in Figure 1C) and the 
long axis of the talar-1st metatarsal (line bisecting the midpoints of the 
proximal and the distal diaphysis of the talar-1st metatarsal)

D

DISCUSSION

Radiographic evaluations are an acceptable method to define FF and 
have been correlated with the conditions clinical qualities. How-
ever, there is no consistency regarding the different measurement 
results in the presence of the clinical diagnosis of FF, either in symp-
tomatic or asymptomatic patients, and regarding the measurements, 
which vary as patients become symptomatic. Also, data regarding 

the adult population are scarce. We found that while several radio-
graphic measurements indeed differ between clinically diagnosed 
symptomatic and asymptomatic FF and normo-plantigrade feet, the 
column ratio was similar among all three groups, suggesting that the 
lateral column–the lengthening of which is the target of the current 
treatment for FF–may not be short to begin with. 

Seven measurements differed among the groups. In the AP ra-
diograph, the talonavicular coverage angle, talar-1st metatarsal an-
gle, and talocalcaneal angle differed. In the lateral X-rays the calca-



ORIGINAL ARTICLESIMAJ • VOL 23 • AUGUST 2021

513

Table 1. Mean values of the radiographic measurement in the three groups: normal feet (n=55), asymptomatic flatfeet (n=29), 
and symptomatic flatfeet (n=42)

Parameter Normal feet (n=55) Asymptomatic flatfeet (n=29) Symptomatic flatfeet (n=42) P value

Talonavicular coverage angle 10.0 ± 9.6 15.1 ± 9.3 25.0 ± 12.3 < 0.001

AP talar-1st metatarsal angle 5.0 ± 8.9 11.0 ± 8.8 16.4 ± 10.8 < 0.001

AP talocalcaneal angle 21.5 ± 7.6 22.4 ± 6.4 26.8 ± 7.1 0.002

Calcaneo-ground angle 21.6 ± 4.9 17.7 ± 4.5 15.9 ± 3.7 < 0.001

Lateral talar-1st metatarsal angle -4.6 ± 7.3 1.8 ± 8.3 7.2 ± 12.3 < 0.001

Lateral talocalcaneal angle 40.8 ± 6.7 38.7 ± 4.5 42.8 ± 8.6 0.062

Navicolocuboid coverage 0.4 ± 0.2 0.6 ± 0.2 0.6 ± 0.2 < 0.001

Talus length 55.7 ± 4.9 52.0 ± 10.9 53.9 ± 4.03 0.046

Calcaneal length 75.2 ± 6.3 75.0 ± 74.5 ± 4.8 0.884

Talocalcaneal ratio 0.74 ± 0.03 0.69 ± 7.9 0.72 ± 0.3 0.006

Column ratio 0.99 ± 0.06 1.0 ± 0.04 1.01 ± 0.05 0.286

neal pitch angle, naviclo-cuboid overlap, talar-1st metatarsal angle, 
and talus length (and consequently the talocalcaneal ratio) differed. 

Moraleda et al. [5] and Yan et al. [12] also found the talona-
vicular coverage angle, which is used to describe the alignment of 
the midfoot, to differ between symptomatic and asymptomatic FF 
patients in the pediatric population, with the angle being higher 
for the symptomatic group. Our findings support their data. They 
authors have suggested that the cause of symptoms is related to 
the lateral displacement of the navicular bone rather than to the 

shorter lateral column. In our cohort the naviculocuboid overlap, 
which also relates to the alignment of the midfoot, was also found 

to differ between FF and normo-plantigrade feet, in accordance 
with the results of Moraleda et al. [5]. They do not to differ be-
tween the symptomatic and asymptomatic FF patients. 

The lateral talar-1st metatarsal angle can assist in evaluating 
the alignment of the forefoot relative to the hindfoot [5]. It is 
affected by the talar inclination and increases in flatfoot as the 
talar slope and hindfoot pronation increase [13]. We found it to 
be higher in symptomatic FF patients compared with asymp-
tomatic patients and with normo-plantigrade controls. Similar 
results were described by Younger et al. [14] and by a cohort 
of army recruits [13]. As for the AP talar-1st metatarsal angle, 
it was found to be higher for the FF patients, whether symp-

Table 2. Tukey HSD post hoc comparisons showing which groups had significant differences: normal feet (n=55), asymptomatic flatfeet (n=29), and 
symptomatic flatfeet (n=42)

Parameter Asymptomatic FF–non-FF Sympomatic FF–non-FF Symptomatic FF–Asymptomatic FF

Talonavicular coverage angle 0.098 < 0.001 < 0.001

AP talar–talar-1st metatarsal 0.021 < 0.001 0.054

AP talocalcaneal angle 0.852 0.001 0.033

Calcaneo-ground angle < 0.001 < 0.001 0.238

Lat talocalcaneal angle 0.010 < 0.001 0.049

Navicolocuboid coverage < 0.001 < 0.001 0.564

Talus length 0.039 0.378 0.465

Talocalcaneal ratio 0.004 0.305 0.179

FF = flatfoot, HSD = honestly significant difference
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tomatic or not, yet it was not found to be a useful predictor for 
symptomatic FF, in accordance with others [5,14]. 

The calcaneal pitch angle and lateral talocalcaneal angle both 
are used to describe the alignment of the hindfoot. Like others 
[14,15] we found the calcaneal pitch angle to be smaller for FF 
patients compared to controls. However, unlike Pehlivan et al. 
[13] and similar to Moraleda et al. [5], we did not find this angle 
useful for the prediction of symptomatic FF. As for the lateral 
talocalcaneal angle, we, like others [5,14], did not find a dif-
ference among the groups. In our cohort, the AP talocalcaneal 
angle was found to be higher in symptomatic FF patients (unlike 
in other cohorts [5,12]). This finding demonstrates the complex 
three-dimensional relationship between the talus and the calca-
neus. Studies using standing computed tomography may help 
understand the reason why some flatfeet are symptomatic, while 
others are not.

Post-hoc analysis found that only three measurements dif-
fered between the symptomatic and asymptomatic FF patients: 
the talonavicular coverage angle, the AP talocalcaneal angle, 
and the Meary's angle. Moraleda et al. [5] also found that the 
talonavicular coverage angle also significantly differed between 
these two groups, and suggested it might explain symptoms by 
reducing the midfoot ability to differ the pressure center from 
posterior to anterior during gait, increasing midfoot pressure, 
and resulting in pain. The higher AP talocalcaneal angle might 
imply an excessive rotation of the subtalar joint and contribute 
to FF symptoms by increasing the stress on the medial soft tis-
sue structures, which could lead to pain [16,17]. As for the later-
al talar-1st metatarsal angle, several authors also distinguished 
between the symptomatic FF patients and the asymptomatic 
patients, as this angle can reflect increased talar inclination and 
hindfoot pronation [5,12,13]. 

Lateral column lengthening, first described by Evans [8] 
and later further developed by Mosca [2] is an acceptable 
treatment for symptomatic FF. The original procedure in-
cludes a calcaneal osteotomy performed 1.5 cm proximal and 
parallel to the calcaneocuboid joint, using a corticocancellous 
bone graft. Mosca [2] added a plantar-medial closing wedge 
osteotomy of the medial cuneiform aimed to correct forefoot 
supination. This procedure was shown to simultaneously cor-
rect both the hindfoot valgus and the talonavicular sag and the 
lateral sublocation of the navicular.

In an effort to better understand the mechanics of this pro-
cedure, Baxter et al. [7] performed it on cadavers and found it 
to correct 60% of the hindfoot valgus deformity to completely 
correct the abduction deformity at the midfoot. However, the 
outcomes of the LCL are not always satisfactory as Barske et 
al. [18] demonstrated. While radiographic correction of the FF 
was achieved following surgery, most patients continued to re-
port pain and dysfunction postoperatively. Another concern re-
garding LCL is over correction, which may cause the develop-
ment of hindfoot eversion stiffness and lateral overload, which 
can result in 5th metatarsal stress fractures [19]. As the Evans 
procedure is not without complications, we sought to evaluate 
whether the lateral column is indeed shorter in FF patients, and 
if it can predict symptomatic patients. However, both hypothe-
ses were rejected.

LIMITATIONS

While some studies have found the inter- and intra-observer re-
liability of the measurements to be high [11,20], some of our 
results contradict measurements performed by others, which 
questions the ability to reproduce these measurements. Second, 
control patients were not healthy individuals, but patients pre-
senting to our clinic with for other foot related reasons. Last, we 
did not investigate other causes of foot pain in the symptomatic 
patient group. 

CONCLUSIONS

When analyzing the relative alignment of different segments 
of the feet, symptomatic flatfeet were correlated with increased 
talonavicular coverage angle, AP talar-1st metatarsal, and 
talocalcaneal angles and decreased calcaneal pitch and navi-
culo-cuboid overlap. Only the talonavicular coverage, the AP 
talocalcaneal angle, and the lateral talar-1st metatarsal angle 
were found to differ among asymptomatic and symptomatic FF 
patients. The lateral column was not found to be shorter com-
pared to normal or asymptomatic flatfeet.
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Table 3. Intraobserver reliability

Parameter
Interclass 
correlation

95% confidence 
interval

Talonavicular coverage angle 0.771 0.437–0.920

AP talar-1st metatarsal angle 0.895 0.708–0.965

AP talocalcaneal angle 0.725 0.343–0.902

Calcaneo-ground angle 0.985 0.952–0.995

Lateral talar-1st metatarsal angle 0.696 0.384–0.865

Lateral talocalcaneal angle 0.747 0.250–0.921

Navicolocuboid overage 0.922 0.767–0.976

Talocalcaneal ratio 0.226 -0.314–0.670

Column ratio 0.899 0.712–0.968
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Capsule

An antimalarial advance

There is great need for antimalarial drugs in the face of 
growing resistance to existing therapies. Murithi and co-
authors characterized MMV688533, an acylguanidine 
identified from compounds inhibiting known human drug 
targets that were screened for activity against Plasmodium 
falciparum. MMV688533 showed rapid in vitro killing of 
multiple P. falciparum strains as well as P. vivax. A single 
dose rapidly reduced parasitemia in a P. falciparum severe 
combined immunodeficient mouse model of infection, 

and this agent displayed favorable pharmacokinetic and 
toxicity profiles. MMV688533 selected for only low-grade 
resistance, with resistant parasites remaining sensitive 
to existing antimalarials. These findings suggest that 
MMV688533 is a promising antimalarial candidate with a 
low resistance risk and the promise of single-dose cure, 
which merits further study.

Sci Transl Med 2021; 13: eabg6013 
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Capsule

Getting around the blood–brain barrier

The meninges comprise three membranes that surround 
and protect the central nervous system (CNS). Recent 
studies have noted the existence of myeloid cells resident 
there, but little is known about their ontogeny and function, 
and whether other meningeal immune cell populations 
have important roles remains unclear. Cugurra et al. found 
in mice that a large proportion of continuously replenished 
myeloid cells in the dura mater are not blood derived, but 
rather transit from cranial bone marrow through specialized 
channels. In models of CNS injury and neuroinflammation, 
the authors demonstrated that these myeloid cells have 
an immunoregulatory phenotype compared with their 

more inflammatory blood-derived counterparts. Similarly, 
Brioschi et al. showed that the meninges host B cells that 
are also derived from skull bone marrow mature locally 
and likely acquire a tolerogenic phenotype. They further 
found that the brains of aging mice were infiltrated by a 
second population of age-associated B cells, which come 
from the periphery and may differentiate into autoantibody-
secreting plasma cells after encountering CNS antigens. 
Together, these two studies may inform future treatment of 
neurological diseases.
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